The aim of this study is to assess thyroid function in newborns with early and late neonatal sepsis by measuring T3, T4, and TSH. This study included 80 newborns with a diagnosis of neonatal sepsis divided into two groups: early neonatal sepsis and late neonatal sepsis, which during the clinical and laboratory manifestations of sepsis showed changes in thyroid hormones, particularly low T3 syndrome and low T3-T4. It excluded newborn children of mothers with thyroid disease and those with a history of perinatal asphyxia, congenital defects, and previous major surgeries. Development of the non-thyroid disease syndrome was confirmed in both study groups, with a prevalence of 54.2% for neonates with early neonatal sepsis and 80.95% for neonates with late neonatal sepsis. It also found low T3 in neonates with early neonatal sepsis and low T4 syndrome in neonates with late sepsis. Low levels of thyroid hormones are associated with a worse prognosis and a poor evolution in severely ill neonates. In Ecuadorian preterm infants with a mean gestational age of 32 weeks, the non-thyroid disease syndrome was found in 54.24% of the patients with early neonatal sepsis and in 80.95% with late neonatal sepsis. TSH levels are decreased in 11.86% of neonates with early neonatal sepsis and 10% in patients with late neonatal sepsis. All cases were children born of adolescent mothers with or without ruptured membranes, from urban areas of Quito.
Introduction
Background Neonatal sepsis is a clinical situation derived from the invasion and proliferation of bacteria, fungi, or viruses in the bloodstream of the newborn (NB), which manifests itself within the first 28 days of life. It is classified according to the time of appearance in early neonatal sepsis, when it appears before 72 h of life, and late neonatal sepsis, when it appears after 72 h of life [1] . This disease occurs with a state of hypermetabolism which would cause an increase in the activity of the thyroid hormones, because it intensifies the metabolism. However, in many of the states of injury, their concentrations are normal and in some cases are reduced [2] . Sepsis can affect several tissues and modify the action of certain enzymes, including those responsible for the formation of thyroid hormones in peripheral tissues, causing non-thyroid disease syndrome (NTIS), which is characterized by the presence of abnormalities in the thyroid function, with serum hormone levels altered without the classic thyroid disease that can affect adults, children, and newborns [3] .
After clamping the umbilical cord, the full-term newborn presents an elevation of T3, which reaches a value of three to six times more than the fetal serum levels. This increase is accompanied by an abrupt increase in thyroid-stimulating hormone (TSH), as well as catecholamines. This increase is secondary to external stimuli, such as temperature variations between intrauterine and extrauterine environments, and the stress produced during delivery. T4 also increases 30 min after delivery, reaching serum levels of 80 to 100 mU/L [4] . All of these hormones decrease in the next 24 h and remain at higher levels than those in umbilical cord blood for 2 to 3 days. In addition, there is a rapid increase in cortisol that can reach levels of up to 20 μg/dL. This hormone stimulates the increase of serum T3, which is essential for the activation of the enzyme deiodinase (D1) type 1 [5] . Currently, the presence of four types of NTIS as forms of response to the disease has been observed, which are low T3 syndrome, low T3-T4 syndrome, high T4 syndrome, and mixed syndromes [6] . Low T3 syndrome is characterized by low serum levels of T3, normal or slightly higher TSH, and normal T4. This is caused by the inhibition of the activity of the enzyme D1, which is responsible for the peripheral degradation of T4 to T3, as well as a lower clearance of the reverse T3. The decrease in T3 levels appears a few hours after the onset of sepsis [7] . The recovery occurs at the same time of the improvement of the disease. This form of presentation is the most common anomaly in adults and children. Evidence indicates that low T3 syndrome may be an adaptive response to stress, which is not associated with worse prognosis or higher mortality [8] . Low T3 syndrome corresponds to the first stage of the nonthyroid disease syndrome [9] .
The low T3-T4 syndrome is characterized by the presence of low T4 and T3, with low TSH and normal or increased T3. This form is observed in adults and children who are seriously ill. Initially, this type of NTIS is explained by the presence of a probable inhibitor of T4 binding to thyroglobulin in serum [10] . Furthermore, it is believed that there is a mechanism related to the effects of cytokines in the hypothalamicpituitary axis, associated with a decrease in the peripheral activity of T4. The response of TSH to thyrotropin-releasing hormone (TRH) seems to be reduced in critically ill patients. There is evidence that in certain periods of severe illness, there may be true central hypothyroidism, in which there is no nocturnal peak in TSH. Studies [11] have also suggested a reduced action of T4 in peripheral tissues, through the demonstration of low serum levels of the angiotensin-converting enzyme, which is stimulated by thyroid hormones. In the recovery phase, there may be a temporary increase in TSH [12] .
High T4 syndrome is characterized by elevated serum levels of T4, normal or slightly increased T3, and elevated reverse T3. Free T3 and free T4 are usually normal or low. The prevalence of this syndrome is usually low. In the initial phase, the decrease in the peripheral metabolism of T4 through the inactivation of the D1 enzyme may cause elevation of this hormone. Indeed, this situation is reversed in a few hours, causing a decrease in the levels of T4 [13] . In neonates, any of these alterations in thyroid function could occur, and this alteration is greater in critically ill neonates, due to which the presence of thyroid anomalies has been observed in neonates with bacterial sepsis [14] .
The aim of this study is to assess thyroid function in newborns with early and late neonatal sepsis by measuring T3, T4, and TSH.
Subjects and methods
Study design: epidemiologycal, observational, crosssectional study, with two cohorts of patients. Settings: two hospitals: Hospital Gineco Obstétrico Luz Elena Arismendi and Unidad Patronato Municipal San José, in Quito, Ecuador. Participants: total study population consisted of 80 neonates diagnosed with neonatal sepsis. Of these, 60 were neonates with early neonatal sepsis and 20 were neonates with late neonatal sepsis. Age range in days was from 1 to 28 days. It included preterm and full-term newborns with laboratory manifestations of sepsis, as well as positive blood cultures. It excluded neonates with a history of severe asphyxia, surgical and cardiac defects, major surgeries, neonates born of mothers with thyroid disease, congenital infections, and intrauterine growth retardation. These patients were excluded because these conditions could alter their hormonal levels. Variables: for the mother: age, ethnicity, level of education, rupture of membranes, appearance of amniotic fluid, diagnosis of maternal infection, and maternal leukocytosis. for the newborn: sex, gestational age, weight, temperature, heart rate, respiratory rate, mechanical ventilation, hypoactivity, whining, retractions, blood culture, and hypothyroxinemia. Data sources: newborn patients and clinical files. A data collection card is used.
Sampling: Blood samples to analyze hormone levels were taken from the peripheral veins at the same time as routine tests for sepsis, such as blood count, interleukin 6, Creactive protein, procalcitonin, and blood culture. Interleukin 6 state in sepsis was assessed previously [15] . Bias avoidance: information was always collected by the same person. Laboratory tests were always carried out in the same laboratory, with calibrated equipment and supplies from the same commercial brand. Study size: 80 newborns Quantitative variables: It considered the next values for T3 (pg/mL), low (< 1.1) and normal (2 to 5.20); for T4 (ng/dL), low (< 1.50) and normal (1.50 to 3); and for TSH (UI/mL), low (< 1.1) and normal (1.1 to 17). Statistical methods: data was digitized in Excel and after verification and validation, the database was developed for statistical analysis in the statistical package SPSS© version 21 for Windows. With descriptive statistics, the mean continuous variables and their respective standard deviation were calculated. The qualitative variables were treated as a percentage or proportions. Finally, the analysis was carried out applying descriptive statistics of frequency and percentages. Probability, values of < 0.05 were considered statistically significant.
Results
A total of 80 newborns distributed in two research groups were included in the research. Group 1 with early neonatal sepsis and group 2 with late neonatal sepsis. Within the maternal characteristics in both groups, mean age of 26.18 years for the mothers was found; the predominant ethnic group was mestiza 97.50%; and 72.50% had a high school level of education. When comparing the maternal characteristics (Table 1) between early and late sepsis, no significant differences were observed. However, for membrane rupture, a p value of 0.056 was observed, which is close to the hypothesis rejection area. The proportion of mothers with ruptured membranes was 30.51% in early sepsis and 9.52% in late sepsis. Of the 80 neonates, 26.25% corresponded to the female sex and 73.75% to the male; the mean gestational age was 33.28 weeks.
The characteristics of the neonates ( Table 2) were compared between early and late sepsis, where statistical significance was observed for sex with a p value of 0.043. The proportion of female sex was 32.20% in early sepsis and 9.52% in the late, while the proportion of males was of 67.80% in early sepsis and 90.48% in late sepsis. The gestational age presented differences with a p value 0.014. The mean gestational age was 33.92 weeks in early sepsis and 31.48 weeks in late sepsis.
Temperature showed differences in the means with a p value of 0.02, being 36.54°C in the early sepsis and 36.9°C in the late sepsis. Heart frequency (HF) and respiratory frequency (RF) also presented differences, with p values 0.014 and 0.002, respectively; the mean of the HR was 149.10/min in early sepsis and 162.62/min in the delayed one while the average FR was located in 56.64/min in early sepsis and 62.26/min in late sepsis.
Concerning the invasive mechanical ventilation (IVM) and non-invasive mechanical ventilation (NIMV), differences were observed in the proportions, with a p value of 0.000, being 6.78% for IVM in early sepsis and 71.43% in late sepsis and 57.63% for NIMV in early sepsis and 19. 05% in the late sepsis, and non-use of mechanical ventilation was 35.59% in early sepsis and 9.52% in late sepsis.
With respect to the presence or absence of hypoactivity, significance is evidenced with a p value 0.012, being 61.02% in early sepsis and 90.48% in late sepsis.
There were significant differences in the incidence of hypothyroxinemia, with p value of 0.031, with incidence of 54.24% in early sepsis and 80.95% in late sepsis. Regarding the paraclinical examinations (see Table 3 ), data between early and late sepsis were compared, finding significant differences for white blood cells with a p value of 0.003 and a mean of 14,231.86 in leucocytes in early sepsis and 10,382.86 in late sepsis; neutrophils with p value 0.000 and a mean of 61.94% in early sepsis and 46.89% in late sepsis; lymphocytes with p value 0.001 and a mean of 23.90% in early sepsis and 34.86% in late sepsis; hemoglobin with a p value of 0.000 and a mean of 17.16 mg/dL in early sepsis and 13.23 mg/dL in the late sepsis; hematocrit with a p value of 0.000 and a mean of 49.30% in early sepsis and 38.69% in late sepsis; T3 with a p value of 0.011 and a mean of 1.82 pg/mL in early sepsis and 2.29 in late sepsis; and T4 with a p value of 0.002, with a mean of 1.55 ng/dL in early sepsis and 1.19 ng/dL in late sepsis.
Blood cultures showed one neonate with early neonatal sepsis a positive blood culture for Listeria monocytogenes and 11 of the neonates with late neonatal sepsis with positive blood cultures, three for Klebsiella oxytoca, two for Klebsiella pneumoniae, two for Staphylococcus hominis, two for Staphylococcus epidermidis, one for Staphylococcus Aureus, and one for Escherichia coli.
For thyroid hormones (see Table 4 ), significant differences were observed for T4 with a p value of 0.012, where for low levels (< 1.50 ng/dL), the proportion was 49.12% in early sepsis and 80.95% in late sepsis, and for normal values (1.50 to 3 ng/dL), the proportions were 50.88% in early sepsis and 19.05% in late sepsis.
The multivariate analysis of the principal components ( Fig.  1 ) was used to graphically show the relationship between early or late sepsis, gestational age, hypothyroidism, hypoactivity, T4, HR, RF, mechanical ventilation, white blood cells, hematocrit, hemoglobin, lymphocytes, and neutrophils. Quantitative variables were categorized according to the means that were significant in the bivariate analysis. The projection of the 
Discussion
According to the WHO, the first cause of hospitalization in neonatal intensive care units (NICU) is newborn prematurity, whose morbidity and mortality are inversely proportional to gestational age. This study found that the mean gestational age of patients with neonatal sepsis was 33.9 weeks in patients with early neonatal sepsis and 31.4 weeks in late neonatal sepsis; therefore, they are more likely to present complications of their own due of its maturational state. The mean gestational age is related also to dysfunction of their hypothalamic thyroid pituitary axis [1, 2] . This study also shows that neonatal sepsis is more frequent in males, with a prevalence of 67.8% for early neonatal sepsis versus 90.48% for late neonatal sepsis. Sex is important especially in men [3, 4] . Male sex is associated with a higher probability of severe morbidity, compared with female sex [16] .
Among the clinical signs, most commonly associated with the infectious process was hypoactivity. In addition, an important risk factor for the development of late neonatal sepsis is the need for mechanical ventilation. The development of the non-thyroid disease syndrome was confirmed in both the analyzed groups, with a prevalence of 54.2% for neonates with early neonatal sepsis and 80.95% for neonates with late neonatal sepsis. The syndrome of thyroid dysfunction most commonly found in early neonatal sepsis was low T3 syndrome, whereas in late neonatal sepsis, it was low T4 syndrome, which is consistent with that in the literature indicating that preterm infants have levels of T4 thyroid hormones lower than term infants, which has been called transient hypothyroxinemia. This occurs with low T4 levels, without compensatory elevation of TSH levels, which may be normal or low. This decrease is compatible with other studies [17] , in which the mean levels of TSH showed a constant decrease in several measurements made in unhealthy newborns. Similarly, the levels of T3 and T4 showed significant correlations with the week of gestation and birth weight [18] .
Hypothyroxinemia is normalized in 6 to 8 weeks in most cases. However, some neonates take more time to recover their thyroid function, which would keep them in hypothyroid state. This situation generates a controversy in the idea, if it is meritorious to give substitute treatment during this stage, especially because it has been related to poor evolution and poor prognosis in patients admitted to NICU. These levels of low thyroid hormones in preterm infants have been considered an adaptive response of the newborn to stress or to a very serious illness.
Some researchers [13] found that preterm infants with weight between 500 and 1500 g who received antenatal corticosteroid treatment showed total thyroxine level increase. This response is very different from that observed in adults that after the administration of betamethasone, the levels of thyroid hormones diminish. This possibly involves two mechanisms: one is that the increase in the metabolism of thyroxine causes a positive effect on the hypothalamus-hypophysisthyroid axis and the second mechanism is given by the decrease in the severity of the disease. These findings also suggest that thyroid hormone levels improve when antenatal corticosteroids are used [14] . Corticosteroids not only stimulate lung maturity but also induce euthyroidism that ultimately improves the survival of neonates [12] .
In a study of thyroid function in the newborn, it was found that alterations in thyroid function include transient primary hypothyroidism, low T3 syndrome, hyperthyroidism, and hypothyroxinemia of prematurity [10] . Of these, transient hypothyroxinemia is more common than congenital hypothyroidism. This study also found that 88% of neonates with early neonatal sepsis and 90% of neonates with late neonatal sepsis had normal TSH values [11] . These findings are relevant since there is evidence that low levels of thyroid hormones are related to a worse prognosis and a poor evolution in severely ill neonates, especially in patients who develop sepsis or septic shock. In those patients, it is necessary to use multipharmacological treatment, including dopaminergic support. Dopamine is one of the drugs that has been studied widely and it suppresses the release of TSH at the hypothalamic level and decreases the production of T3. Given these findings, it is important to consider the need to conduct a comprehensive assessment of the thyroid function of newborns during their II I III IV Fig. 1 Multivariate relationship of early and late sepsis. Note: Based on the multivariate analysis of categorical principal components (CATPCA). Source: Hospitals studied; elaboration: authors stay in NICU [8] . Transient hypothyroxinemia is also associated with adverse outcomes in preterm infants, such as intraventricular hemorrhage, periventricular leukomalacia, cerebral palsy, and death [9] . Finally, neonates with the highest scores on the scales of gravity assessment, at admission to NICU, show a higher degree of hypothyroxinemia. Consequently, the assessment of thyroid function in this group of infants would provide a more complete approach, allowing also to act in a timely manner, providing support with exogenous hormone, and contributing in this way to the survival of neonates.
Conclusion
In Ecuadorian preterm infants with a mean gestational age of 32 weeks, the non-thyroid disease syndrome was found in 54.24% of the patients with early neonatal sepsis and in 80.95% with late neonatal sepsis. TSH levels are decreased in 11.86% of neonates with early neonatal sepsis and 10% in patients with late neonatal sepsis. All cases were children born of adolescent mothers with or without ruptured membranes, from urban areas of Quito.
